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(57) ABSTRACT 

A cooling device for an electric equipment Which is excel 
lent in cooling efficiency and loW in noise and permits easy 
mounting of a cooling fan and a fan guard; comprising a heat 
sink (1) having a U-shaped frame (4) consisting of a ?at part 
(2) and side parts (3) disposed on the opposite sides of the 
?at part (2); ?ns (5) formed on the frame (4) and fan guard 
mounting holes (6) formed in the side parts (3) of the frame 
(4); a cooling fan (7) having an engaging recess (8) in the 
side thereof; and a U-shaped fan guard (9) consisting of a fan 
guard body (10) and side plates (11) disposed on the 
opposite ends of the fan guard body (10); Wherein a lattice 
body (12) is provided on the fan guard body (10); an air 
guide (17) at the tip end of each side plate (11); a fan 
mounting engaging projection (13) on the inner side surface 
of each side plate for clamping and retaining by engaging the 
cooling fan (7) and a projection support (15); having an 
engaging projection (14) for mounting the fan guard (9) to 
the heat sink (1); on the outer side surface of each side plate. 

2 Claims, 4 Drawing Sheets 
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COOLING DEVICE FOR ELECTRIC 
EQUIPMENT 

TECHNICAL FIELD 

The present invention relates to a cooling apparatus for 
electrical equipment employed in, for example, control units 
such as inverters. 

BACKGROUND ART 

FIGS. 3 and 4 shoW a typical conventional cooling 
apparatus for electrical equipment. 

In these drawings, the reference number 21 indicates a 
heat sink of a control unit (not shoWn) such as an inverter. 
The heat sink 21 comprises a gate-shaped frame 24 having 
a ?at section 22, With side sections 23 located respectively 
on both sides of the ?at section 22, and ?ns 25. The frame 
24 of the heat sink 21 is equipped With an electronic device 
(not shoWn) and thermally connected to a heating member. 
Acooling fan 26 is to be mounted to the frame 24 of the heat 
sink 21, and a fan guard 27 is to be mounted to the cooling 
fan 26 so as to cover the front face of the cooling fan 26 With 
a grille section 28 of the fan guard 27. The cooling fan 26 
and fan guard 27 are formed With through holes 29 and 30 
provided in corresponding positions, respectively. A long 
clamping screW 31 is respectively put through these through 
holes 29 and 30, and then screWed into a corresponding 
threaded hole (not shoWn) formed in the frame 24 of the heat 
sink 21 to fasten the cooling fan 26 and fan guard 27 to the 
heat sink 21. 

The above-mentioned construction is cooled by the fol 
loWing manner. 

Acooling air?oW generated by driving the cooling fan 26 
is directed into the interior of the frame of the heat sink 21. 
The cooling air is passed betWeen ?ns 25 of the heat sink 21 
and discharged to outside of the control unit and others. 
When the cooling air is passed betWeen ?ns 25, heat 
exchange is performed betWeen the ?ns 25 and the cooling 
air so that the heat sink 21, absorbing heat from the 
electronic device and others (not shoWn) drops in tempera 
ture. Thus, the electrical equipment including the control 
unit is cooled. 

HoWever, in the conventional cooling apparatus for elec 
trical equipment, the folloWing problems have been recog 
niZed. 

(1) Inef?ciency in utiliZing the cooling air due to the 
circumvention of the cooling air through a side space of the 
cooling fan 26. 
As shoWn in FIG. 4(a), When the cooling air?oW gener 

ated by the cooling fan 26 ?oWs betWeen the ?ns 25 of the 
heat sink 21, a part of the cooling air comes in con?ict With 
the front end of the ?ns 25 of the heat sink 21 so that a 
turbulence is caused in the cooling air?oW. 

In addition, betWeen the cooling fan 26 and the heat sink 
21, there exists a gap formed over the entire surface of the 
cooling fan 26 in its Width direction at approximately the 
same position in the longitudinal direction of the cooling fan 
26. Thus, the turbulent cooling air yields a kinetic energy in 
the Width direction on the cooling fan 26, and can easily 
escape from the gap betWeen the cooling fan 26 and the ?ns 
25 through a side space of the cooling fan 26. Then, as 
shoWn by the arroW in FIG. 4(a), the cooling air escaping 
from the gap is turned over to an inlet port of the cooling fan 
26, Which results in inef?ciency in utiliZing the cooling air. 
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2 
(2) Inef?ciency in cooling due to high air resistance in the 

grille section 28 of the fan guard 27. Undesirable Wind noise 
occurs in the grille section 28. 
As shoWn in FIG. 4(b), the generated cooling air?oW is 

directed on a tilt in the rotation direction of the cooling fan 
26 With respect to a rotation axis of the cooling fan 26. Thus, 
When the cooling air is sucked toWard the cooling fan 26, the 
cooling air obliquely passes through the grille section 28 of 
the fan guard 27 so that the air resistance of the grille section 
28 is increased and the substantial air?oW area of the grille 
section 28 is decreased, resulting in loWered ef?ciency in 
cooling. Further, each corner of the grille section 28 pro 
trudes into the path of the cooling air so that the corner 
creates air turbulence to cause undesirable Wind noise. 

(3) LoW ef?ciency and difficult assembly due to the 
fastening structure in Which the cooling fan 26 and the fan 
guard 27 are commonly clamped to the heat sink 21 by the 
clamping screW 31. 
As shoWn in FIG. 3, the cooling fan 26 and the fan guard 

27 are commonly clamped and fastened to the heat sink 21 
by the long clamping screW 31. Thus, the positioning of 
individual parts and the clamping of the clamping screW 31 
are required to simultaneously operate, resulting in loW 
ef?ciency and dif?cult assembly. 
As a result, the effort required for periodical maintenance 

check and replacements for the cooling fan 26 inevitably 
deteriorates operational efficiency. 

DISCLOSURE OF INVENTION 

It is an object of the present invention to provide a cooling 
apparatus for electrical equipment, Which has excellent 
cooling ef?ciency and loW noise and is easily assembled 
With a cooling fan and a fan guard. 

In order to solve the aforementioned problems, a cooling 
apparatus for electrical equipment according to the present 
invention, comprising: a heat sink including a gate-shaped 
frame having a ?at section and side sections located respec 
tively on both sides of the ?at section, ?ns formed on the 
frame, and a fan guard mounting hole formed in the side 
section of the frame; a cooling fan having an engaging 
groove in each of side sections of the cooling fan; and a 
gate-shaped fan guard including a fan guard body and side 
plates located respectively on both sides of the fan guard 
body, Wherein the fan guard body includes a grille section, 
the side plates including a shroud section at the rear end 
portion of each side plate, the side plates being provided 
With a fan mounting/engaging protrusion for pressingly 
clamping and engagingly retaining the cooling fan, on the 
inner surface of the side plate, the side plates including a 
protrusion supporting section having an engaging protrusion 
for mounting the fan guard to the heat sink, on the outer 
surface of each side plate. 

Thus, cooling air is guided to the heat sink by the 
shrouded section of the fan guard to create a smooth cooling 
air?oW, so that cooling ef?ciency can be enhanced. Further, 
the fan and the fan guard as Well as the fan guard and the 
heat sink can be fastened to each other by the engaging 
portions provided in the fan guard in a snap-in manner, so 
that the cooling fan and the fan guard can be easily 
assembled, or mounted to, and disassembled, or demounted 
from the heat sink. 

According to other aspects of the present invention, there 
are provided the folloWing effects. 

(1) The fan guard is provided With a side plate including 
the shroud section. The shroud section may be adapted to 
extend beyond the cooling fan and lie on a more inWard side 
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of the heat sink than the position of the front end of the ?ns 
of the heat sink, so that circumvention of the cooling air can 
be prevented. Thus, the cooling air?oW generated by the 
cooling fan is fully and smoothly guided toWard the heat 
sink so that cooling ef?ciency can be signi?cantly improved. 

(2) The fan guard is provided With a side plate including 
the protrusion supporting portion. The side plate and the 
protrusion supporting portion may be adapted to be suf? 
cient long so as to yield resiliency to the engaging protrusion 
provided in the protrusion supporting portion, so that the 
protrusion supporting portion can be de?ected With a small 
force and the engaging protrusion can be easily operated for 
mounting and demounting. Thus, the fan guard can be quite 
easily mounted to and demounted from the heat sink. 

(3) Each side surface of the grille section of the fan guard, 
Which is arranged in the circumferential direction of the 
grille section, may be slanted along the direction of the 
cooling air?oW so that the air resistance or aerodynamic 
drag of the grille section can be reduced and the substantial 
air?oW area of the grille section can also be increased, Which 
results in enhanced cooling ef?ciency. Further, any portions 
protruding toWard the cooling air?oW can be eliminated so 
that no turbulence is generated and Wind noise can thereby 
be reduced. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an exploded perspective vieW shoWing a cooling 
apparatus for electrical equipment according to an embodi 
ment of the present invention; 

FIG. 2 shoWs the cooling apparatus for electrical equip 
ment according to the embodiment of the present invention, 
in Which FIG. 2(a) is a horiZontal cross-sectional vieW of the 
substantial part thereof, and FIG. 2(b) is an enlarged vieW of 
the region A shoWn in FIG. 2(a); 

FIG. 3 is an exploded perspective vieW shoWing a con 
ventional cooling apparatus for electrical equipment; and 

FIG. 4 shoWs the conventional cooling apparatus for 
electrical equipment, in Which FIG. 4(a) is a horiZontal 
cross-sectional vieW of the substantial part thereof, and FIG. 
4(b) is an enlarged vieW of the region B shoWn in FIG. 4(a). 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

With reference to FIGS. 1 and 2, an embodiment of the 
present invention Will noW be described. 

FIG. 1 is an exploded perspective vieW shoWing a cooling 
apparatus for electrical equipment according to an embodi 
ment of the present invention. FIG. 2 shoWs the cooling 
apparatus for electrical equipment according to the embodi 
ment of the present invention, in Which FIG. 2(a) is a 
horiZontal cross-sectional vieW of the substantial part 
thereof, and FIG. 2(b) is an enlarged vieW of the region A 
shoWn in FIG. 2(a). 

In these draWings, the reference number 1 indicates a heat 
sink of a control unit (not shoWn) such as an inverter. The 
heat sink 1 comprises a gate-shaped frame 4 having a ?at 
section 2, side sections 3 located respectively on both sides 
of the ?at section 2, and ?ns 5. A fan guard mounting hole 
6 is formed respectively in both side sections 3. The frame 
4 of the heat sink 1 is equipped With an electronic device (not 
shoWn) and thermally connected to a heating member. A 
cooling fan 7 is to be mounted to the frame 4 of the heat sink 
1 and has an engaging groove 8 in each of the side sections 
of the cooling fan 7. A fan guard 9 is to be mounted to the 
cooling fan 7 so as to cover the front face of the cooling fan 
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7. The fan guard 9 comprises a fan guard body 10 and side 
plates 11 located respectively on both sides of the fan guard 
body 10, and the fan guard 9 has a gate-like shape. The fan 
guard body 10 is formed With a grille section 12 for alloWing 
cooling air to pass therethrough. The inner surface of each 
side plate 11 is provided With a fan mounting/engaging 
protrusion 13 for pressingly clamping and engagingly retain 
ing the cooling fan 7. The outer surface of each side plate 11 
is also provided With a protrusion supporting section 15 
having an engaging protrusion 14 for mounting the fan 
guard 9 to the heat sink 1. The protrusion supporting section 
15 has resiliency or ?exibility, and includes a tab 16 for 
releasing the engagement betWeen the fan guard 9 and the 
heat sink 1, at the front end of the protrusion supporting 
section 15. The side plates 11 include a shroud section 17 at 
their rear end portion. When the cooling fan 7 has been 
assembled or mounted to the fan guard 9, the shroud section 
17 has a longer length than that of the cooling fan 7. The 
number 18 indicates respective mounting screWs. 

In the cooling apparatus having the above construction, 
the cooling fan 7 and the fan guard 9 are assembled to the 
heat sink 1 in the folloWing manner. 

Firstly, the cooling fan 7 is ?tted betWeen the side plates 
11 by expanding both side plates of the fan guard 9 outWard, 
and the cooling fan 7 is then mounted to the fan guard 9 by 
engaging each the fan mounting/engaging protrusions 13 of 
the side plates 11 With the corresponding engaging groove 8 
of the cooling fan 7 in a snap-in manner. 

Then, the fan guard 9 mounted to the cooling fan 7 is 
further mounted to the heat sink 1 in the same snap-in 
manner. This is achieved by inserting the side plates 11 of 
the fan guard 9 betWeen both side sections 3 of the heat sink 
1 and by engaging each engaging protrusion 14 of the side 
plates 11 With the corresponding fan guard mounting hole 6 
formed in the side sections 3 of the heat sink 1. 

For maintenance and replacement, the cooling fan 7 is 
disassembled from the heat sink 1 in the folloWing manner. 

First, each tab 16 is pushed inWard to de?ect the protru 
sion supporting section 15 inWard. This alloWs each engag 
ing protrusion 14 to be moved inWard and be separated from 
the corresponding fan guard mounting hole 6. Thus, the fan 
guard 9 is demounted from the heat sink 1, still mounted to 
the cooling fan 7. 

Then, the side sections of the fan guard 3 are respectively 
opened outWard to move the fan mounting/engaging protru 
sions 13 outWard, so that the engagement betWeen each fan 
mounting/engaging protrusion 13 and the corresponding 
engaging groove 8 of the cooling fan 7 is released. This 
alloWs the cooling fan 7 to be demounted from the fan guard 
9. 
A cooling apparatus having the above construction 

achieves its cooling function in the folloWing manner. 
A cooling air?oW is generated by driving the cooling fan 

7, and the cooling air ?oWs inside the frame 4 of the heat 
sink 1. During this process, the shroud section 17 is adapted 
to extend beyond the cooling fan 7 and lie on a more inWard 
side of the heat sink 1 than the position of the front end of 
the ?ns 5 of the heat sink 1, so that a gap betWeen the cooling 
fan 7 and the ?ns 5 of the heat sink 1 is not formed over the 
entire surface of the cooling fan 7 in its Width direction at the 
approximately same position in the longitudinal direction of 
the cooling fan 7. If some turbulence occurs in the gap, the 
cooling air is guided by the shroud sections 17 to How 
betWeen ?ns 5. Thus, the cooling air?oW generated by the 
cooling fan 7 Would never be turned over to the inlet side of 
the cooling fan 7. 
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The cooling air is introduced from the front end of the 
heat sink 1, ef?ciently passed in betWeen ?ns 5 of the heat 
sink 1 Without any leakage to outside, and eventually 
discharged to outside of the control unit and elseWhere. 
When the cooling air is passed betWeen the ?ns 5, heat 
exchange is performed betWeen the ?ns 5 and the cooling air 
so that the heat sink 1 absorbing the heat of the electronic 
device and others (not shoWn) is reduced in temperature. 
Thus, the electrical device including the control unit is 
cooled. 
As shoWn in FIG. 2(b), each side surface of the grille 

section 12 of the fan guard 9, Which is arranged in the 
circumferential direction of the grille section 12, is slanted 
along the direction of the cooling air?oW so that the air 
resistance or aerodynamic drag of the grille section 12 can 
be reduced and the substantial air?oW area of the grille 
section 12 can also be increased, Which results in enhanced 
cooling ef?ciency. Further, any portions protruding into the 
cooling air?oW can be eliminated so that no turbulence is 
generated and Wind noise can thereby be reduced. 
As to mounting and dernounting the fan guard 9 to/frorn 

the heat sink 1, the fan guard 9 is provided With side plates 
11, and the protrusion supporting portion 15 having a 
sufficient length is formed respectively in side plates 11. 
Thus, an adequate resiliency or ?exibility can be easily 
given to the engaging protrusion 14 provided in the protru 
sion supporting portion 15 so that the protrusion supporting 
portion 15 can be de?ected With a small force and the 
engaging protrusion 14 can be easily mounted and 
dernounted. Thus, the fan guard 9 can be quite easily 
mounted to and dernounted from the heat sink 1. 

In addition, the tab 16 of the protrusion supporting section 
15 is located at the front face of the fan guard 9 so that it can 
be easily determined Whether the engaging protrusion 14 is 
securely engaged by checking out the position of the tab 16 
(If the protrusion 14 is not securely engaged, the correspond 
ing tab 16 lies inWard. 

Furthermore, as needed, When the cooling fan 7 and the 
fan guard 9 are mounted to the heat sink 1, the screWs 18 can 
screW into threaded holes (not shoWn) provided in the fan 
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guard 9 to prevent the cooling fan 7 and the fan guard 9 from 
falling out, Which results in improved safety. 

INDUSTRIAL APPLICABILITY 

The present invention may apply to a cooling apparatus 
for electrical equipment, and can be utiliZed in ?elds of 
manufacturing by providing a cooling apparatus for electri 
cal equipment which has eXcellent cooling ef?ciency and 
loW noise, and Which can be easily assembled with a cooling 
fan and fan guard. 

What is claimed is: 
1. A cooling apparatus for electrical equipment, cornpris 

ing: 
a heat sink including a gate-shaped frame having a ?at 

section and side sections located respectively on both 
sides of said ?at section, ?ns formed on said frame, and 
a fan guard mounting hole formed in said side section 
of said frame; 

a cooling fan having an engaging groove in each side 
section of said cooling fan; and 

a gate-shaped fan guard including a fan guard body and 
side plates located respectively on both sides of said fan 
guard body, Wherein said fan guard body includes a 
grille section, said side plates including a shroud sec 
tion at the rear end portion of each side plate, said side 
plates being provided With a fan rnounting/engaging 
protrusion for clarnping and engaging said cooling fan, 
on the inner surface of said side plate, said side plates 
including a protrusion supporting section having an 
engaging protrusion for mounting said fan guard to said 
heat sink, in the outer surface of said side plate. 

2. Acooling apparatus for electrical equipment as de?ned 
in claim 1, Wherein said grille section of said fan guard 
includes a side surface arranged in the circumferential 
direction of said grille section, Wherein said side surface is 
slanted along the direction of a cooling air?oW. 

* * * * * 


